Abstract Background: Since the discovery of the ABO blood group system by Karl Landsteiner in 1901, several reports have suggested an important involvement of the ABO blood group system in the susceptibility to thrombosis. Assessing that non-O blood groups in particular A blood group confer a higher risk of venous and arterial thrombosis than group O. Epidemiologic data are typically not available for all racial and ethnics groups. The purpose of this pilot study was to identify a link between ABO blood group and ischemic disease (ID) in Africans, and to analyze whether A blood group individuals were at higher risk of ischemic disease or not. Methods: A total of 299 medical records of patients over a three-year period admitted to the cardiology and internal medicine department of military hospital of Ouakam in Senegal were reviewed. We studied data on age, gender, past history of hypertension, diabetes, smoking, sedentarism, obesity, hyperlipidemia, use of estrogen-progestin contraceptives and blood group distribution. In each blood group type, we evaluated the prevalence of ischemic and non-ischemic cardiovascular disease. The medical records were then stratified into two categories to evaluate incidence of ischemic disease: Group 1: Patients carrying blood-group A and Group 2: Patients carrying blood group non-A (O, AB and B). Results: Of the 299 patients whose medical records were reviewed, 92 (30.8%) were carrying blood group A, 175 (58.5%) had blood group O, 13 (4.3%) had blood group B, and 19 (6.4%) had blood group AB. The diagnosis of ischemic disease (ID) was higher in patients with blood group A (61.2%) than in other blood groups, and the diagnosis of non-ischemic disease (NID) was higher in patients with blood group O (73.6%) compared to other groups. In patients with blood group B or AB compared to non-B or non-AB, respectively there was no statistically significant difference in ID incidence.
Main risk factor for ID was smoking (56.5%), hypertension (18.4%) and diabetes (14.3%). In our study, there was no statistical difference between blood group A and non-A in myocardial infarction (MI) incidence (p = 0.09, 95% CI = 0.99-2.83) but a statistically significant difference between blood group A and non-A in stroke and coronary artery disease (CAD) incidence (p < 0.0001, 95% CI = 1.80-3.37 and p < 0.0001 95% CI = 1.82-3.41 respectively) was found. The incidence of ID in men was significantly higher in blood group A (95% CI = 2.26-4.57, p < 0.0001) compared with non-A group, while there was no statistically significant difference in women (p = 0.35). However, an overall effect was detected to be statistically significant regardless of gender (p < 0.0001). Conclusion: Our study suggests an association between blood group A and ID in sub-Sahara Africans. In African countries, where most of health facilities are understaffed, more rigorous studies with a larger population are needed to give a high level of evidence to confirm this association in order to establish the need to be more aggressive in risk factor control in these individuals. 
Background
Since the discovery of the ABO blood group system by Karl Landsteiner in 1901, several reports have suggested an important involvement of the ABO blood group system in the susceptibility to infectious, neoplastic disease, bleeding, eclampsia, and even life expectancy.
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More recently, it has been reported that ABO blood group is associated with venous thrombosis (VT). The mechanism of relationship between ABO blood group and thrombosis is elucidated, and its major determinants are Von Willebrand Factor (VWF) and coagulation factor VIII (FVIII). 4 This finding makes a theoretical hypothesis that ABO blood group may be also related to risk of coronary artery disease (CAD) and myocardial infarction (MI).
Furthermore, the association between thrombosis and ABO blood groups has a long history suggesting that non-O blood groups in particular A blood group confer a higher risk of myocardial infarction (MI), angina, peripheral vascular disease (PVD), cerebral ischemia of arterial origin (CIAO), and venous thrombosis (VT) than group O. [5] [6] [7] [8] Indeed, the link between ABO blood group and arterial thrombosis was assessed by a number of systematic reviews and meta-analyses, and the evidence from the literature on this association is less robust than that documenting the link with venous thrombosis.
Although the importance of cardiovascular disease (CVD) epidemiology is well recognized, epidemiologic data are typically not available for all racial and ethnic groups.
Africans have significantly higher VWF levels compared to Caucasians and, Africans with blood group O show significantly lower VWF than the other ABO blood groups. 9 The purpose of this pilot study was to identify a link between ABO blood group and ischemic disease (ID) such as CAD, MI and ischemic stroke in Africans, and to analyze whether A blood group individuals were at a higher risk of ID or not.
Methods
After approval by the Ethics Committee of the Ministry of Health and Social Welfare, Senegal (Comite´d'e´thique du Ministe`re de la Sante´et l'Action Sociale), medical records of patients over a three-year period admitted to the cardiology and internal medicine department of military hospital of Ouakam in Senegal were reviewed. Medical records of patients with venous thrombo-embolism (VTE) were excluded. A total of 57 patients were removed from the cohort secondary to incomplete medical records.
Medical records of 299 patients were evaluated. We studied data on age, gender, past history of hypertension, diabetes, smoking, sedentarism, obesity, hyperlipidemia, use of estrogen-progestin contraceptives and blood group distribution.
In each blood group type, we evaluated prevalence of ischemic disease (MI, CAD and ischemic stroke), and nonischemic disease (NID) (Heart failure, valvular disease and cerebral hemorrhage).
MI was determined by abnormal ECG showing evidence of ischemia (i.e. transient or permanent ST segment elevation or depression >0.1 mv in two contiguous leads and q waves that are greater than 25% of the height of the subsequent R waves) and abnormal serum level of cardiac markers including creatine kinase, creatine kinase-MB, and troponin I. CAD was determined by history of documented CAD, and abnormal ECG with changes questionable for ischemia and chest pain. Stroke was determined on the basis of cerebral scanner.The medical records were then stratified into two categories to evaluate incidence of ischemic disease: Group 1: Patients carrying blood group A. Group 2: Patients carrying blood group non-A (O, AB and B).
We also sought relation between blood group distribution in the cohort study and in the general population of Senegal.
The studied parameters were entered into an electronic questionnaire using GraphPad Prism 5. Data analyses were performed using chi-square (and Fisher's exact) test. Table 1 summarizes patient demographics. Of the 299 patients whose medical records were reviewed, 92 (30.8%) were carrying blood group A. Of the remaining 207 patients, 175 (58.5%) had blood group O, 13 (4.3%) blood group B, and 19 (6.4%) blood group AB.
Results
Among the patients 97% had rhesus positive and 3% had rhesus negative.
The risk factors for ID in our patients (Table 2) were dominated by active smoking found in 56 patients (56.5%), hypertension in 18 patients (18.4%) and diabetes in 14 patients (14.3%).
A total of 33 patients (33.7%) had no risk factor, 42 patients (42.8%) had one risk factor and the remaining patients (23.5%) had more than one.
Diabetes and hypertension were more common in non-A blood groups (95% CI = 0.015-0.60, p = 0.015 and 95% CI = 0.08-0.71, p = 0.014 respectively) compared with A blood group, while there was no statistically significant difference in smoking (95% CI = 0.59-3.06, p = 0.523).
The diagnosis of ischemic disease (ID) was higher in patients with blood group A (61.2%) than in other blood groups, and the diagnosis of non-ischemic disease (NID) was higher in patients with blood group O (73.6%) compared to other groups. Patients with blood group B or AB compared to non-B or non-AB respectively, had no statistical differences in ID incidence.
Distributions of blood groups in regard to diagnosis of ID or NID in our study and in comparison with general population are represented in Fig. 1 .
Females were less representative in ID compared to males (18.4% vs 81.6%) but they were more representative in NID (60.2% vs 39.8%) ( Table 3) . This difference was statistically significant (p < 0.0001).
The incidence of ID in men was significantly higher in blood group A (95% CI = 2.26-4.57, p < 0.0001) compared with non-A group, while there was no statistically significant difference in women (p = 0.35). However, an overall effect was detected to be statistically significant when comparing blood group A with non-A for the incidence of ID regardless of gender (p < 0.0001). This difference remains statistically significant after adjustment for common cardiovascular risk factors. Distribution of blood group A and non-A in patients with ID and NID is represented in Fig. 2 .
In our study, there was no statistical difference between blood group A and non-A in MI incidence (p = 0.09, 95% CI = 0.99-2.83) but a significant statistical difference between blood group A and non-A in stroke and CAD incidence (p < 0.0001, 95%CI = 1.80-3.37 and p < 0.0001, 95% CI = 1.82-3.41 respectively) was found.
Discussion
In our study, blood group distribution frequency was found to be shown by formula O > A > AB > B, which is slightly in accordance with other studies carried out in Africa O > A > B > AB. The same formula is found in America and Europe but at different frequency percentage, in contrast to what is found in India and Pakistan, in which it is given by the formula B > A = O > AB and B > O > A > AB respectively (Table 4) .
In our study, NID was more common in patients with O blood group (73.6%). This could be related to the high prevalence of this blood type in Africa.
There are a number of examples documenting that the blood type distribution among different populations in different times is driven by an evolutionary selective pressure, which acts by modifying susceptibility to various diseases. The best example is that of infectious diseases: the fact that O blood type provides a selective advantage against severe malaria probably explains the higher prevalence of this blood group in areas (i.e. Africa) in which malaria is endemic. 17 Similarly, other authors have hypothesized that the relatively high prevalence of B blood group in India, which has been shown to protect against severe cholera, could be related to the selective pressure from this infectious disease endemic in that area. 18 In our study, there was no statistical difference between blood group A and non-A in MI incidence (p = 0.09), and this Tobacco smoking n = 36 (60%) n = 20 (52.3%) Hypertension n = 6 (10%) n = 12 (31.6%) Diabetes n = 4 (6.6%) n = 10 (26.3%) Figure 1 Comparison of ABO blood groups distribution between our study and general population.
could be due to the small number of patients admitted in our hospital for MI. A significant statistical difference between blood group A and non-A in stroke and CAD incidence (p < 0.0001) was found. However, an overall effect was detected to be statistically significant when comparing blood group A with non-A for the incidence of ID (p < 0.0001).
Previous systematic reviews and meta-analysis paid more attention to the relationship between MI and ABO blood group, but the link of ABO blood group system to CAD was rarely evaluated. Besides, almost all available studies principally focused on blood type non-O and O.
Whincup et al. 19 found that the incidence of ischemic CAD was higher in those with blood group A than those with blood group non-A (OR = 1.21, 95% CI = 1.01-1.46).
Lee et al., 20 in Taiwan, after adjustment for common cardiovascular risk factors, found that blood group A remains significantly associated with an increased risk of CAD and MI (OR = 2.61, CI = 1.11-6.14, p = 0.028, OR = 3.53, CI = 1.21-10.29, p = 0.021 respectively).
A study by Wazirali et al. 21 suggested that blood group A was associated with a substantially increased risk of CAD, which is independent of conventional cardiovascular risk factors.
Wu et al. 22 performed a meta-analysis with regard to the relation of ABO blood group to MI and angina in 2008. In their study based upon 19 studies, group A was associated with a similar increase in MI risk (OR = 1.29, 95% CI = 1.16-1.45, p < 0.00001) to that observed with non-A.
Furthermore, a meta-analysis by Dentali et al. 23 found that patients with blood group non-O presented a higher prevalence of MI than that with blood group O (OR = 1.28, 95% CI = 1.17-1.40, p < 0.001).
Recently, Chen et al., 24 in a meta-analysis involved 16 articles (17 studies) covering 225,810 individuals, found that risk of CAD in blood group A was mildly increased compared with that in blood group non-A (OR = 1.14), while there was no statistical difference between blood group B and AB compared with non-B and non-AB, respectively. Similar evidence was more robust in the analysis for MI incidence (OR = 1.24).
Moreover, their results indicated that the risk of CAD in blood group O was significantly lower than that in non-O blood groups (OR = 0.85), which is similar to previous studies. 23 Ischemic stroke accounts for considerable morbidity and mortality in either high or low income countries, and treatment is limited at present.
In our study, we found the incidence of ischemic stroke was higher in those with blood group A than those with blood group non-A (p < 0.0001, 95% CI = 1.80-3.37).
Ionescu et al., 25 in a study of 329 cases of cerebral thrombosis, found that there was an excess of blood group A and AB and a deficiency of O and B with a statistically significant difference when the A + AB excess in thrombosis was contrasted with the O + B excess in hemorrhage, suggesting that this difference might be accounted for the major A subgroup.
Association between stroke and blood group A had been reported by many authors. [26] [27] [28] Wu et al., pooling 7 studies, showed that non-O significantly increased the risk of ischemic stroke (OR 1.14, 95% Figure 2 Distribution of blood group A and non-A in patients with ID and NID. The underlying mechanism of the relationship between ABO blood group and ischemic disease seems to be linked to plasma levels of VWF and coagulation FVIII.
In Euroclot study, 29 genetic variant of single nucleotide polymorphism (SNP) rs505922 in the ABO locus was found to be associated with ischemic stroke, and in particular subtypes large-vessels and cardioembolic stroke, but not smallvessel disease. This SNP was highly associated with VWF and FVIII.
Sanders et al., 30 in a study including 635 adults with Von Willebrand Disease (VWD) compared the prevalence of arterial thrombosis with two reference population, found that the prevalence of ischemic cardiovascular disease was lower than in the general population.
Therefore, the link of blood group A to ID becomes plausible as ABO determinants occur on FVIII and on VWF, with the lowest levels seen in those of genotypes OO and the highest in those with the least O antigen expression (i.e.: A, AB, and B). 31, 32 A better understanding of the increased incidence of ID among blood group A Africans could be due to the fact that Africans had significant higher VWF levels compared to Caucasians, and those with blood group O show significantly lower VWF than the other ABO blood group. 9 
Conclusion
Our study suggests an association between blood group A and ID in sub-Sahara Africans.
In African countries, where most of health facilities are understaffed, more rigorous studies with a larger population are needed to give high level of evidence to confirm this association in order to establish the need to be more aggressive in risk factor control in these individuals.
